Left atrial appendage (LAA) occlusion can be employed as an alternative treatment to oral anticoagulation in patients with atrial fibrillation to prevent embolic events. Atrial septal defect (ASD) may be related with right heart dysfunction and allow paradoxical embolism to occur. However, occlusion of both LAA through atrial access with ostium secundum ASD and ASD in the same setting is unusual. Therefore, we report a case in which a LAA and an ASD was sequentially occluded.
INTRODUCTION
Left atrial appendage (LAA) occlusion is performed in patients with non-valvular atrial fibrillation (AF) to prevent embolic events as an alternative treatment to oral anticoagulation. 1, 2 Atrial septal defect (ASD) may cause right heart dysfunction and paradoxical embolism to occur. In patients with AF and ASD, occlusion both LAA and ASD in the same setting could be a possible strategy for an effective prevention of stroke and right heart failure. We report a case in which a LAA and ASD were sequentially occluded during the same procedure.
CASE REPORT
A 68-year-old male was referred for ASD closure, because the right ventricle (RV) was markedly enlarged. He had suffered from a persistent AF without significant valvular disease, but refused to take a long-term anti-coagulation {CHA2DS2VASc: 3 [congestive heart failure, hypertension, age ≥75 years (2 points), diabetes mellitus, prior stroke or transient ischemic attack (2 points), vascular disease, age 65 to 74 years, and female sex] and HAS-BLED: 2 [hypertension, abnormal renal/ liver function, stroke, bleeding history or predisposition, labile international normalized ratio, elderly (>65 years), drugs/alcohol concomitantly]}. Recently, he was diagnosed with gastric cancer and treated with endoscopic resection. Simultaneous ASD and LAA occlusion were considered because LAA occlusion could be an alternative option of stroke prevention in AF and might be in trouble after ASD closure. Transthoracic echocardiography (TTE) showed a right atrium (RA) and RV with significant left to right shunt. Transesophageal echocardiographic (TEE) indicated a single oval shaped secundum defect of 12×6 mm (Fig. 1A) , and no thrombus was detected in left atrium (LA) and LAA (Fig. 1C) . The landing zones of LAA were 24 mm in 45°, 28 mm in 90°, and 28 mm in 135°.
The procedure was performed under general anesthesia and TEE. A 6F multipurpose catheter (A&A M.D., Seoul, Korea) with a 0.035-inch hydrophilic wire (Terumo, Tokyo, Japan) was passed through the ASD under 3D TEE guidance, and a 0.035-inch Amplatz super stiff guidewire (Boston Scientific Corp., Natick, MA, USA) positioned pulmonary vein. Because the anatomy of the LAA was toward the anterio-superior direction and not complex, ASD could be used as atrial septal access for LAA occlusion. To shorten the procedure time, the ASD was measured 11 mm with 24 mm sized Amplatzer sizing balloon (AGA Medical Corp., Golden Valley, MN, USA) (Fig. 1B) . Then, the catheter was replaced by a 13 French Amplatzer TorqVue delivery sheath (St. Jude Medical, St. Paul, MN, USA) over a 0.035-inch stiff wire. Contrast injection through this sheath with a 5F pig-tail catheter was used to depict the anatomy and the size of the LAA (Fig. 1D) . The maximal LAA size was 28 mm on LA angiography. Based on measurement, a 30-mm Amplatzer cardiac plug (ACP, St. Jude Medical) was chosen and successfully occluded the LAA ( Fig.  2A and B) . After releasing the ACP, an 11-mm Amplatzer septal occluder (St. Jude Medical) was introduced through the same delivery sheath and deployed successfully (Fig. 2C) . Placement was confirmed by TEE, the device was released, and the delivery sheath was removed. Angiogram after the procedure revealed no atrial communication.
Before discharge, correct device positions were confirmed by a TTE and computerized tomography (Fig. 2D) . The patient was discharged the following day, with an antithrombotic regimen consisting of Apixaban 5 mg twice a day.
We checked a follow-up TEE to confirm proper seating of the devices and to look for thrombi or residual leak at 2 months. It showed proper position of both devices and neither thrombi nor leakage. Then, the patient discontinued Apixaban and changed to Aspirin and Clopidogrel.
DISCUSSION
The main finding of our case was the use of the ASD as the access for LAA occlusion and to close simultaneously both a LAA and ASD. In this procedure, it was difficult to use the ASD as the access route for LAA occlusion due to its more cranial position in the interatrial septum and relative small size of ASD. However, we could successfully cannulate the ASD with better supportable 6F multipurpose catheter and 3D TEE guidance. Koermendy, et al. 3 reported a 96% success of LAA occlusion through ASD or patent foramen ovale as an access of atrial septum. Avoiding a transseptal puncture can obviate related complications, such as cardiac tamponade and perforation of adjacent organs. 4 Another advantage of avoiding the transseptal puncture is not to create an iatrogenic septal defect. Although a persistent iatrogenic ASD was found in only 6.8% of patients who underwent LAA closure at 12 months, which could potentially mediate paradoxical embolism, pulmonary hypertension, or right ventricular dysfunction. 5, 6 However, ASD may allow paradoxical embolism to occur due to communication between the venous and systemic circulation. [7] [8] [9] ASD is a risk factor for stroke, which is only increased by the presence of AF. 7, 9 An ASD closure has been recommended if the RA or RV are enlarged with significant left to right shunt. Patients with small shunts and normal RV size are generally asymptomatic and require no medical, interventional therapy. 10 In current case, ASD closure was indicated because of right atrial and RV enlargement. However, the patient had persistent AF and gastrointestinal malignancy, which could increase a bleeding risk. In addition, the patient refused longterm anti-coagulation due to an increase in bleeding tendency. In the clinical scenario, closure of ASD subsequent to LAA occlusion may be the best strategy for the patients. After ASD closure, LAA occlusion can be possible through the septal puncture outside of the ASD closure device, which may increase the periprocedural complications. For the possibility of early embolization of the LAA occluder device into the LA, ASD closure is recommended as a staged procedure or at least 10 minutes after LAA occlusion in the same setting. 11 However, if embolization of the LAA occluder may occur after ASD closure, we can puncture the septum around the pre-implanted ASD device and retrieve an embolized device.
Above all, the patient was concerned about anticoagulation and consequential increased gastrointestinal bleeding because of previous endoscopic mucosal resection due to early gastric cancer. Therefore, it was an applicable strategy in the patient with secundum ASD and AF that closure of both the interatrial communication and LAA.
In conclusion, simultaneous occlusion of ASD followed by 
